The aim of this study was to assess the possibility of using biological and biochemical parameters in the evaluation of forest soil quality and changes caused by land use. The study attempted to determine a relationship between the enzymatic activity of soil, the number of earthworms and soil physico-chemical properties. The study was carried out in central Poland in adjoining Forest Districts (Przedbórz and Smardzewice). In soil samples taken from 12 research plots, basic physico-chemical properties, enzyme activity (dehydrogenase, urease) and density and biomass of earthworms were examined. Enzyme activity showed a large diversity within the forest site types studied. The correlations between the activity of the enzymes studied and C/N ratio indicated considerable importance of these enzymes in metabolism of essential elements of organic matter of forest soils. Urease and dehydrogenase activity and earthworm number showed susceptibility to soil pH, which confirmed relationships between enzyme activity and abundance of earthworms and soil pH in H 2 O and KCl.
Soil in forest environment is a crucial element for the existence of living organisms, as well as wood production and maintaining environmental quality (Fisher and Binkley 2000) . Production capacity of soil depends on its quality, and consequently research of that soil properties has been the main subject of interest for soil scientists. Franzluebbers and Haney (2006) are in favor of using soil physical, chemical and biological properties, which play an important role in energy production, supplying plants with nutrients and circulation and accumulation of these elements in the soil resources. Soil enzyme activities have been used as sensors in studies on the influence of soil treatments on microbial activity and soil fertility (Chen 2003) and they have been reported to be greatly affected by changes in soil management practices (Floch et al. 2009 ). Dehydrogenase activity is considered to be an indicator of oxidative metabolism in soils, and consequently -of the microbial activity (Trevors 1984) . Dehydrogenase represents enzymes, which give information about the state of environment. Dehydrogenase activity can be used to assess soil quality, the impact of soil usage on its quality as well as to evaluate a degree of regeneration in degraded soils (Gil-Sotres et al. 2005) . Soil urease are one of the most important enzymes involved in soil organic matter mineralization, they release N-NH 4 + through urea hydrolysis and are essential in the chain of hydrolysis of amino compounds, which are supplied to soil from plants, and to a lesser extent from animals and microorganisms (Salazar et al. 2011) . In addition, this enzyme is a part of microbial products that can be accumulated in cell of microorganisms because they are highly resistant to environmental degradation (Zantua and Bremner 1977) . Urease activity according to many authors should be used as an indicator of soil quality and changes in soil (Gil-Sotres et al. 2005) . According to Bardgett (2002) , soil organisms allows to evaluate the efficiency of ecosystem, namely changes in their diversity and abundance. Soil organisms have gained the title of a biological indicator of soil quality. Ponge et al. (2003) and Broma et al. (2009) propose the use of Collembola as indicators of environmental changes and good biomonitor of soils. Birkás et al. (2004) identified earthworms as an important biological indicator in soil quality assessment. In soils where cultivation was applied and deteriorated their stability, the authors found fewer earthworms than in those undisturbed or not cultivated with the use of methods intrusive for soil stability.
The aim of this study was to assess the possibility of using biological and biochemical parameters in evaluations of forest soils and changes caused by land use. Up to date, biological and biochemical properties have been rarely used in assessing forest soil quality than physical and chemical properties (Januszek 1999; Januszek et al. 2006) . The study attempted to determine a relationship between the enzymatic activity, the number of earthworms and soil physico-chemical properties. In addition, attempts were undertaken to establish the relations between vegetation and soil properties as well as density and biomass of earthworms.
MAterIAl And Methods
The study was carried out in September 2011, in two adjacent Forest Districts: Przedbórz and Smardzewice (central Poland). There were chosen 12 research plots of which 9 were covered with tree vegetation and 3 plots were after passing windfall (without vegetation). The type of forest site within the plots was determined based on soil and vegetation (if possible). Three research areas represented fresh broadleaf forest with Cambic Brunic Arenosol and Cambisol and three plots -wet broadleaf forest with Stagnosol, Gleysol and Histosol. Six areas represented fresh mixed broadleaf forest with Brunic Arenosol and Stagnosol. Three of the surveyed areas (No. 10, 11, 12) were surfaces after following the windfall, without tree vegetation and they represented fresh broadleaf forest site and fresh mixed broadleaf forest. At each sample plot, a detailed examination of soil profile was carried out, soil samples were taken from each genetic horizon in order to perform further analyses of soil properties (pH in H 2 O and 1M KCl solution; hydrolytic acidity; total nitrogen and carbon content followed by determination of C/N ratio; granulometric composition). The soil for determining enzyme activity was collected after removal of the litter layer. In all cases, soil samples were collected from 8 sub-stands of the upper soil horizon (0-10cm), pooled in the field, transported to the laboratory and then sieved through a 2mm sieve. The samples were stored at 4 o C until the analysis.
Soil granulometric composition was determined by means of the aerometric method, pH in water and 1M KCl -with potentiometric measurements, total nitrogen and organic carbon -with LECO apparatus, with calculation of C/N ratio, alkaline cations content in 1M ammonium acetate with calculation of the degree of base saturation (V%), and available -phosphorus with the Bray-Kurtz method. Bulk density was determined mechanically using Kopecky cylinders.
Dehydrogenase activity was determined using Lenhard's method consistent with the Casida procedure, expressing their activity in Triphenyl formazan milligrams (TPF) for 100g of soil within 24 hours (Alef and Nannipieri 1995) . Urease activity was determined with Tabatabai and Bremner's method (1972) (Alef and Nannipieri 1995) , expressing enzyme activity in μg N-NH 4 for 1 g of soil during 2 hours.
In order to determine earthworm density two methods were used: a method of manual sorting and formalin extraction method (Clapperton et al. 2007 ). Determination of earthworms were made in five replicates with the calculation of density and biomass. The earthworms were classified in three ecological categories (epigeic, endgeic and anecic).
Statistical analyses were performed using Statistica 9 software Differences between mean values from two samples were tested with the Kruskal-Wallis test. We also calculated Pearson's correlation coefficients between soil physico-chemical properties, density of earthworms, biomass of earthworms and enzyme activities.
results
Dehydrogenase activity in the soils tested was in a range from 2.19 to 91.26 mg TPF/100g soil/24 h (tab. 2). Average dehydrogenase activity was 18.57 mg TPF/kg/24 h. The highest dehydrogenase activity was observed on the plot number 4 with Histosols. At the same time, the soil on this plot was characteristic of high: pH (pH 6.7 H 2 O), sum of alkaline cations (36.5 cmol(+)/kg) and base saturation (83%) (tab. 2). The lowest dehydrogenase activity was observed on the plot number 2 with Stagnosols, which showed one of the lowest pH values (tab. 2).
Urease activity in the soil was in a range from 0.69 to 64.20 The highest enzyme activity and density of earthworms were associated with wet broadleaf forest site on plots 1, 3 and 4, where the broadleaf forest with hornbeam, alder and ash prevailed. Areas dominated by coniferous species on the fresh mixed broadleaf site (plot 2 and 7) had the lowest activity of dehydrogenases and urease. The low activity of enzymes and the lack of earthworm in soil was showed in the plots without tree vegetation after windfall. Urease activity was similar to the activity of dehydrogenases.
The presence of earthworms was observed on 6 plots. Earthworm density varied from 3 to 19 specimens/m 2 and their biomass from 2 to 8 g/m 2 . The highest density and biomass of earthworms was associated with soils with high pH, high C content and high enzymatic activity. According to the division of trophic groups, endgeic species dominated -colonizing the mineral soil horizon. During the study, there were noted no species digging vertical hallways and epigeic species -living in litter.
The Kruskal-Wallis test showed statistically significant differences in enzyme activity between different forest sites (tab. 3). Dehydrogenase activity was positively correlated with pH in H 2 O and KCl (0.80 and 0.88) as well as the sum of base cations and base saturation (0.93 and 0.93). A negative correlation was observed between the activity of dehydrogenases and C/N ratio (-0.65). Urease activity, likewise dehydrogenase activity was correlated with pH in H 2 O and KCl (0.82 and 0.83), but not as much with the sum of the alkaline cations and base saturation (0.67 and 0.84). A negative correlation was observed between the activity of urease and C/N ratio (-0.68). The activities of both dehydrogenase and urease were positively correlated with the density and biomass of earthworms (tab. 4). 1 -broadleaf forest sites; 2 -mixed broadleaf forest sites; 3 -sites after windfall.
dIscussIon of results
The relationship between an individual biochemical property and the total microbial activity is not always obvious, especially in the case of complex systems like soils, where microorganisms and processes involved in degradation of organic compounds are highly diverse (Nannipieri et al. 1990 ). Enzyme activity can be affected by a number of natural and anthropogenic factors. Y -hydrolytic acidity, S -sum of exchangeable bases, V -base saturation. (Fioretto et al. 2000) , pH (DeForest et al. 2012) , plant litter quality (Waldrop and Zak 2006) and C and nutrient availability can all influence enzyme activity. Soil temperature and moisture content changes are probably largely responsible for seasonal variation in enzymes activity (Boerner et al. 2005) .
The results obtained in this study confirm the above statements. On the test plots, different activities of dehydrogenases and urease were recorded within the forest area covered with trees when compared with those observed inside the windfall area, where entirely different management activities were conducted. Simultaneously, the plots tested were characteristic of diverse species composition. This had direct impact on quantity and quality of organic matter supply to soil, and resultant enzyme activities. The highest activity of dehydrogenases as well as urease was observed on plots with tree stands with prevailing deciduous species, such as hornbeam, alder and ash. Lower enzyme activity was observed on the area with the dominance of fir, and the lowest -on the area without tree stands (after windfall). Salazar et al. (2011) noted correlations between soil biochemical and soil microbiological variables, which showed that the three different forest management practices also had a strong effect on soil function conditions. Soil organic matter is considered an important indicator of soil quality due to its nutrient sink character and being a source that can enhance soil physical and chemical properties and promote biological activity (Jimenez et al. 2002) . Quilchano and Maranón (2002) reported that differences in plant species composition and soil properties could be responsible for variability in dehydrogenase. The authors found that this enzyme activity was positively and significantly correlated with soil pH but not with total soil C and N. The above statement supports the results of this study, i.e. the obtained correlations between the activity of dehydrogenase as well as urease and soil physico-chemical properties.
The factors which determine distribution of earthworms in soil are: soil pH, mechanical composition, humidity and availability of food. Earthworms do not tolerate acidic soils, especially dry soils. They develop best in the medium-heavy soil humus, where pH is in a range from 6.0 to 7.0. Earthworms found such conditions in the soils of fresh and wet broadleaf forest with the dominance of broadleaf species and mull humus type. On the windfall area, there was no presence of earthworms noted, because these were over dried sites, not conducive to the development of plants and earthworms. Results of Palm et al. (2013) showed that management practices (i.e. disturbances), topography, soil conditions were the most relevant predictors for spatial distribution of all three functional groups of earthworms. Epigeics are controlled by topographic features, and endogeics -by soil parameters. Endgeic species dominated in the studied soils. During the study, there were noted neither epigeic nor anecic earthworm species.
The study indicated a high correlation between enzyme activity and the density and biomass of earthworms. The earthworms have a large impact on physical and chemical soil condition (Nachtergale et al. 2002) . They contribute to rapid circulation of elements in nature because they stimulate the growth of microorganisms and organic debris are prepared for enzymatic degradation, and thus stimulate enzyme activity. The effect of earthworms on soil hydrolases (protease, urease, invertase, and alkaline phosphatase) and dehydrogenase activities was investigated by Tao et al. (2009) . Their results showed that the presence of earthworms strongly affected soil enzymes' activities. conclusIons 1. Enzyme activity showed considerable diversity among the studied types of forest sites. 2. The correlations observed between the activity of enzymes and C/N ratio indicated significant importance of enzymes in metabolism of essential elements in organic matter of forest soils. 3. Enzyme activity depends on soil physico-chemical properties. 4. Urease and dehydrogenase activity and the number of earthworms showed susceptibility to soil pH, which was confirmed by the correlation between the activity of the enzymes and abundance of earthworms and pH in H 2 O and KCl. 5. Procedures related to cleanup of trees after windfall breached soil natural structure and disrupted biological balance of soil environment as evidenced by a decline in earthworm biomass and enzyme activity.
